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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: Michel RENARD etal. ) 

National Stage of ) 
International Application: PCT/FR99/02827 ) 

International Filing Date: November 18, 1999 ) 

Application No. Not Assigned ) Group Art Unit: 

) Not Assigned 

Date of National Stage Entry: May 18, 2001 ) 

) Examiner: 
) Not Assigned 

For: GENE CODING FOR AN ) 
ACYLTRANSFERASE OF OIL SEED ) 
RAPE AND USES THEREOF ) 



PRELIMINARY AMENDMENT 



Prior to the examination of the above-identified application, please amend the application 
as follows: 



In the Claims : 



Please cancel claims 1-12 without prejudice or disclaimer. 



Please add claims 13 - 25 as follows: 
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13. A nucleic acid fragment comprising a sequence encoding a plant lysophosphatidic 
acid acyltransferase (LPAAT), the peptide sequence of which exhibits at least 20% 
identity with the peptide sequence SEQ ID NO: 2. 

14. A nucleic acid fragment comprising a sequence that is complementary to the 
coding sequence of claim 13. 

1 5. The nucleic acid fragment of claim 13, wherein said coding sequence encodes the 
polypeptide of sequence SEQ ID NO: 2. 

16. A nucleic acid fragment comprising at least 20 base pairs, which is capable of 
hybridizing specifically, under stringent conditions, with a sequence as defined in any 
one of claims 13, with the exception of the fragments consisting of an oligonucleotide 
encoding one of the following peptide sequences: 

FPEGTRS; 
PFKKGA; 
or of the sequence complementary thereto. 

1 7. A recombinant vector containing a nucleic acid fragment as claimed in any one of 
claims 13-16. 

18. A cell transformed with at least one nucleic acid fragment as claimed in any one 
of claims 13 -16. 
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1 9. The transformed cell as claimed in claim 1 8, wherein the cell is a plant cell. 

20. A transgenic plant transformed with at least one nucleic acid fragment as claimed 
in any one of claims 13-16. 

21 . A method of regulating the LPAAT activity of a plant comprising transforming a 
plant with at least one nucleic acid fragment as claimed in any one of claims 13-16. 

22. The method of claim 21 wherein the plant is rapeseed. 

23. The method as claimed in either claim 21 wherein said nucleic acid is present in 
the cells of the transformed plant in an antisense orientation. 

24. The method as claimed in either claim 21 wherein said nucleic acid is present in 
the transformed cell in a sense orientation and the transformed plant expresses functional 
LPAAT. 

25 . The method of claim 24 wherein said functional LPAAT does not include a signal 
peptide capable of importing the LPAAT into the membrane of the chloroplasts. 
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REMARKS 

Applicants respectfully submit that no prohibited new matter has been introduced 
by this Preliminary Amendment and that claims 13 to 25 are drawn to the same invention 
as claims 1-12 of International Application PCT/FR99/02827. The changes to the claims 
represent changes in formalities so as to bring the claims into compliance with the rules 
of practice in the United States, such as: "use" claims are not a recognized category of 
invention (see original claims 8-12); to provide established claim terminology to describe 
the intended scope of the claims, i.e. incorporation of the terms "comprising" and 
"wherein" rather than "containing" and "characterized in that" (see claims 2, 4 and 6); to 
avoid optional language such as "and/or" (original claim 1) which is not common 
practice for claims in U.S. patent applications and to correct grammar such as noun 
placement and tense (see all of the original claims). These changes do not narrow the 
claimed subject matter presented and examined in the corresponding International 
Application. 

Respectfully submitted, 

Elizabeth C. Weimar 
Reg. No. 44,478 

Date: May 18, 2001 
MORGAN, LEWIS & BOCKIUS 
1800 M. Street, NW 
Washington, D.C. 20036-5869 
(202) 467-7812 
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GENE CODING FOR AN ACYLTRA NSFERASE OF OIL SEED RAPE, 
AND USES THEREOF 



The invention relates to the identification and 
to the cloning of a gene encoding an acyltransf erase, 
and to uses thereof. 

In plants, glycerolipids ( glycolipids , 

phospholipids and triacylglycerides ) constitute the 
major portion of lipids. Their common precursor is sn- 
1, 2-diacylglycerol-3-phosphate, or phosphatidic acid 
(PA), resulting from the esterif ication of the sn-1 and 
sn-2 positions of glycerol-3-phosphate (G3P) with fatty 
acids. SAf-glycerol-3-phosphate acyltransf erase (GPAT) 
(E.C. 2.3.1.15) catalyzes the acylation of the sn-1 
position of G3P so as to form sn-l-acylglycerol-3- 
phosphate, or lysophosphatidic acid (LPA) . The LPA is 
then used as a substrate by l-acyl-sn-glycerol-3- 
phosphate acyltransf erase, or lysophosphatidic 

acyltransferase (LPAAT) (E . C . 2 . 3 . 1 . 51 ) , which acylates 
the sn-2 position of glycerol. In the synthesis of 
triacylglycerides, which constitute most of the storage 
lipids, a third enzyme, sn-1 , 2-diacylglycerol 
acyltransferase, or diacylglycerol acyltransferase 
( DA GAT ) , is involved, which catalyzes the acylation of 
the sn-3 position. 

Plant lipids are currently used in very varied 
fields, from foods to the chemical industry, and it is 
desirable to have plants which produce lipids 
specifically suited to the use envisaged. With this 
aim, attempts are being made in particular to modify 
the fatty acid composition of the glycerolipids, and in 
particular of the triacylglycerides. 

For example, in the case of rapeseed {Brassica 
napus) , plants having the lowest possible erucic acid 
content are used for edible oil. On the other hand, a 
high erucic acid content is sought in plants which 
produce oils intended for industrial use. 



The fatty acid composition of the glycerolipids 
depends essentially, firstly, on the quantitative and 
qualitative distribution of the fatty acids produced by 
the plant and, secondly, on the substrate specificity 
of the acyltransf erases with respect to these fatty 
acids. In order to control this composition, it has 
been proposed to act separately or jointly on these two 
factors, by intervening: 

- at the level of biosynthesis of the fatty 
acids, in order to promote, or on the contrary inhibit, 
the production of one or more specific fatty acids and, 
optionally, to induce the synthesis of new fatty acids; 

- at the level of acylation of the G3P, in 
order to modify its specificity in the desired way. 

In the case of rapeseed, the most erucic acid- 
rich varieties currently available produce an oil in 
which erucic acid represents at most 50 to 60% of the 
total fatty acids. Analysis of the triacylglycerides of 
the seeds derived from these varieties has shown that 
this acid is present virtually exclusively at the sn-1 
and sn-3 positions; this selective distribution has 
been attributed to the substrate specificity of 
rapeseed LPAAT, which excludes very- long- chain (>C20) 
fatty acids; this limits the erucic acid content of the 
triacylglycerides of seeds from rapeseedseed to a 
theoretical maximum threshold of 66% of the total fatty 
acids . 

With the aim of avoiding this limitation, the 
gene of a Limnanthes alba LPAAT capable of 
incorporating erucic acid at the sn-2 position has been 
expressed in the seeds of a variety of rapeseed having 
a high erucic acid content. However, although 
incorporation of erucic acid at the sn-2 position was 
effectively observed in the triacylglycerides of the 
seeds of this transgenic rapeseed, this incorporation 
remained low; in addition, the total amount of erucic 
acid incorporated into these triacylglycerides was no 
greater than that of the nontransf ormed control plants 
[LASSNER et al . , Plant Physiol. 109:1389-1394, (1995) J. 



This result may be due, besides the possibility 
of a limiting production of erucic acid, to poor 
specificity of the exogenous Limnanthes LP PAT which 
might, besides erucic acid, also incorporate oleic 
acid, and also to the existence of competition between 
the exogenous LPAAT activity and endogenous LPAAT 
activity of the rapeseed, which it would be necessary 
to inhibit in order to increase the incorporation of 
erucic acid. 

To date, only a small amount of information has 
been available concerning the enzyme (s) responsible for 
LPAAT activity in rapeseed. LPAATs are in fact 
membrane -bound enzymes which are difficult to purify in 
active form. 

With the exception of coconut LPAAT [KNUTZON et 
al.. Plant Physiol. 109:999-1006, (1995)], which has 
been purified from the membranes of the albumen, and 
the gene of which has subsequently been isolated by 
screening a cDNA library, the plant LPAATs already 
identified have mostly been characterized using 
techniques of molecular genetics. They are maize LPAAT 
[BROWN et al., Plant Mol . Biol., 26:211-223, (1994)], 
and Limnanthes LPAATs [BROWN et al . , Plant Mol. Biol., 
29:267-278, (1995); HANKE et al . , Eur. J. Biochem. 
232:806-810, (1995)]. 

In order to enable the control of the acylation 
at the sn-2 position to be improved, the inventors have 
undertaken to characterize the enzyme (s) involved in 
LPAAT activity in rapeseed. 

They have thus succeeded in isolating a DNA 
sequence from Brassica napus encoding a functional 
plastidial LPAAT ; this LPAAT will hereinafter be named 
BAT 2 (Brassica AcylTransf erase 2). 

A nucleic acid sequence comprising the sequence 
encoding BAT 2 is represented in the attached sequence 
listing under the number SEQ ID NO: 1, and the deduced 
polypeptide sequence is represented under the number 
SEQ ID NO : 2 . 



2 ATG codons which may constitute potential 
translation initiation sites are present on the 
sequence SEQ ID NO: 1; the polypeptide of 344 amino 
acids starting at the methionine residue at position 16 
of the sequence SEQ ID NO: 2 is sufficient for the 
LPAAT activity. 

The analysis of the amino acid sequence of BAT 2 
using the pSORT program suggests the presence of a 
signal sequence included in the 95 N-terminal amino 
acids of the sequence SEQ ID NO: 2. This signal 
sequence is involved in directing the BAT 2 LP PAT into 
the plastidial membrane. 

The sequence of the active mature protein is 
included in the 279 C- terminal amino acids. 

The comparison, using the BLASTX2 program [GISH 
et al., Nat. Genet., 31:266-272, (1994)], between the 
BAT2 peptide sequence and the LPAAT peptide sequences 
previously known reveals very weak homology (a maximum 
of 2 0% identity) when the comparison is carried out 
over the entire sequence. 

Over certain regions of the sequence, greater 
homology is observed. Figure 1 represents the alignment 
of the sequence 187-3 02 of BAT 2 with the sequences of 
the LPAAT s having the strongest homology. The most 
significant scores are observed with: 

- the product of the S. cerevisiae SLC1 gene 
(P33333) [NAG I AC et al. J. Biol. Chem. , 268:22145- 
22163, (1993)] : 32% identity and 51% equivalence, over 
an alignment of 2 04 amino acids ; 

the microsomal LPAAT of the seeds from 
Limnanthes (Q42 87 0) [HANKE et al . , Eur. J. Biochem. , 
232:806-810, (1995); LASSNER et al . , Plant Physiol. 
109:1389-1394, (1995); BROWN et al . , Plant Mol . Biol., 
29:267-278, (1995)] : 30% identity and 54% equivalence, 
over an alignment of 182 amino acids; 

- the coconut endosperm LPAAT (Q42 67 0) [KNUTZON 
et al., Plant Physiol. 109:999-1006, (1995)] : 31% 
identity and 47% equivalence, over an alignment of 229 
amino acids; 



- the hypothetical Synechocystis LPAAT (P74498) 
: 30% identity and 55% equivalence, over an alignment 
of 143 amino acids; 

- the E . coli plsC protein (P26647) : 31% 
identity and 50% equivalence, over an alignment of 115 
amino acids. 

A subject of the present invention is a nucleic 
acid fragment comprising: 

a) a sequence encoding a plant LPAAT, the 
peptide sequence of which shows at least 2 0%, 
preferably at least 3 0%, and advantageously at least 5 0 
to 95%, identity with the sequence SEQ ID NO: 2; and/or 

b) a sequence complementary to the coding 
sequence a) above. 

According to a preferred embodiment of the 
present invention, said coding sequence encodes the 
polypeptide of sequence SEQ ID NO: 2. 

The invention also encompasses fragments of 
more than 2 0 bp, and preferably of more than 3 0 bp, 
which are fragments of a coding sequence as defined 
above, or which are capable of hybridizing 
specifically, under stringent conditions, with said 
sequence. This includes in particular the fragments of 
any sequence encoding the polypeptide SEQ ID NO : 2, or 
of the sequence complementary thereto, with the 
exception of the fragments consisting v of an 
oligonucleotide encoding one of the following peptide 
sequences (1-letter code) : 

FPEGTRS ; 

PFKKGA; 

which are common to LPAATs having previously 
known sequences, or of the fragments complementary to 
said oligonucleotide. 

Nucleic acid fragments in accordance with the 
invention can in particular be used as primers and/or 
probes, to detect and clone sequences encoding 
plastidial LPAATs, from rapeseed or from other plants, 
and also sequences encoding LPAATs from rapeseed or 
from other species, in particular from crucifers, which 
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are expressed in cellular compartments other than 
plasts, in particular the endoplasmic reticulum. 

The analyses carried out by Southern transfer 
and by RFLP, using the BAT2 cDNA, labeled with 32 P, as a 
5 hybridization probe, under stringent conditions, show 
the presence, in the rapeseed genome and also in the A. 
thaliana genome, of at least 2 homologous copies of the 
BAT2 gene, and imply that this gene is part of a 
multigene family comprising 4 members. 

10 A subject of the present invention is also: 

- the recombinant vectors resulting from the 
insertion of at least one nucleic acid fragment in 
accordance with the invention into a suitable vector; 
advantageously, they are expression vectors in which 

15 the nucleic acid fragment in accordance with the 
invention is inserted under the transcriptional control 
of regulatory sequences (such as a promoter and/or 
terminator) which are functional in a host cell in 
which the expression of said fragment is desired. 

20 - the host cells, which may be prokaryotic or 

eukaryotic, and the multicellular organisms, in 
particular plant cells and plants, transformed with at 
least one nucleic acid fragment in accordance with the 
invention. 

25 The invention also encompasses the recombinant 

LPAAT, or the fragments of recombinant LPAAT, resulting 
from the expression, in a host cell, of the sequence 
encoding said LPAAT or said fragment, which sequence is 
carried by a nucleic acid fragment in accordance with 

3 0 the invention. The recombinant LPAAT in accordance with 
the invention, or the fragments thereof, can, for 
example, be used to produce anti-LPAAT antibodies which 
enable cDNA expression libraries to be screened in the 
context of detecting and cloning other LPAATs . 

3 5 Nucleic acid fragments in accordance with the 

invention can advantageously be used, in the sense or 
antisense orientation, to produce transgenic plants, in 
particular from rapeseed or from other oil-producing 
plants, in order to regulate the LPAAT activity in the 



plant thus transformed, and to act on the fatty acid 
composition of the lipids, and in particular of the 
triacylglycerides, produced by this plant. 

The present invention also encompasses the 
transgenic plants produced in this way. 

These plants can be produced using the 
conventional techniques, which are known in themselves, 
of plant transgenesis . Depending on the use envisaged, 
a nucleic acid sequence in accordance with _the 
invention can be placed under the control of an 
inducible promoter or of a constitutive promoter, of a 
ubiquitous promoter or of a tissue-specific promoter. 
These plants can also contain other transgenes, 
preferably transgenes derived from genes involved in 
lipid biosynthesis. 

It is possible in particular to produce: 

- transgenic plants expressing at least one 
sequence in accordance with the invention encoding a 
functional LPAAT, instead of and in place of one or 
more sequences encoding endogenous LPAATs, or in 
addition to these sequences, - 

- transgenic plants expressing at least one 
sequence in accordance with the invention in antisense 
orientation, in order to inhibit the expression of the 
homologous endogenous LPAATs and thus promote the 
activity of other LPAATs, of endogenous or exogenous 
origin. 

For example : 

in order to produce transgenic rapeseed 
plants having a high erucic acid content, the rapeseed 
plant can be co transformed with, firstly, a DNA 
sequence encoding an LPAAT which preferentially 
incorporates the erucic acid at the sn-2 position, such 
as the Limnanthes alba LPAAT [LASSNER et al . , (1995), 
abovementioned publication] , and, secondly, a nucleic 
acid sequence in accordance with the invention in 
antisense orientation, in order to inhibit, at least 
partially, the production of endogenous LPAAT which 



competes with the activity of the exogenous Limnanthes 
LPAAT; 

- in order to increase the overall triglyceride 
content of the seeds, the rapeseed plant can be 
transformed with a DNA sequence in accordance with the 
invention which encodes a plastidial LPAAT deleted of 
its sequence for being directed into plasts; 

- in order to increase the saturated fatty acid 
content, in particular the palmitic acid content, the 
rapeseed plant can be cotransf ormed with a DNA sequence 
in accordance with the invention which encodes a 
plastidial LPAAT deleted of its sequence for being 
directed into chloroplas ts , and with one or more genes 
for ACP-thioesterases which preferentially use 
palmitoyl-ACPs as substrates. 

The present invention will be more clearly 
understood with the aid of the further description 
which follows, which refers to nonlimiting examples 
illustrating the identification and cloning of a gene 
encoding the Brass lea. napus BAT2 LPAAT. 

EXAMPLE 1: ISOLATION AND CHARACTERIZATION OF THE cDNA 
OF A RAPESEED LPAAT 

In order to search for the presence of genes 
encoding LPAATs , a rapeseed immature embryo cDNA 
library was screened by heterologous complementation of 
the mutation of the plsC gene of the E. coll strain 
JC201 [COLEMAN, J. Biol. Chem. , 265:17215-17221, 
(1990)]. This point mutation confers a heat-sensitive 
phenotype on the JC2 01 mutants, due to the inactivation 
at high temperature of the LPAAT encoded by the plsC 
gene. These mutants grow well at 30°C, with difficulty 
at 37°C, and not at all at 42-44°C. 

For the screening, a phagemid library derived 
from 2 x 10 6 clones taken from a rapeseed immature 
embryo cDNA library and cloned into the vector 
lambda ZAPII (STRATAGENE) , was constructed using the 
"ExAssist" kit (STRATAGENE) . 

The bacteria are transformed with these 
phagemids by electroporation, and then cultured on LB 



agar, in the presence of ampicillin and IPTG 
(isopropyl-P-D-galactothiopyranoside) . The bacteria 
which grow at 42 °C are selected. The plasmid DNA of the 
clones capable of growing at 42 °C was analyzed by PCR 
in order to determine the size of the insert. After 3 
cycles of transformation followed by selection, 
approximately 85% of the clones contain an insert of 
approximately 1.2 kb. The sequencing of the ends of the 
inserts of 4 of these clones shows that they are 
identical. One of these clones, named pBAT2 ; was 
entirely sequenced. 

EXAMPLE 2: NUCLEOTIDE SEQUENCE OF BAT2 AND DEDUCED 
PEPTIDE SEQUENCE. 

The cDNA of the pBAT2 clone comprises a 1155 bp 
sequence followed by an 18 residue poly (A) tail. This 
sequence comprises a single open reading frame, 
corresponding to a 351 amino acid polypeptide, which 
represents a fusion protein, comprising 344 amino acids 
of the pBAT2 sequence, and a portion of the |3- 
galactosidase sequence from the cloning vector. The 
sequence which is represented on the attached sequence 
listing under the number SEQ ID NO : 1 also comprises a 
portion of the genomic sequence (nucleotides 1 to 79 of 
the sequence SEQ ID NO: 1) located upstream of the 
pBAT2 cDNA sequence. 

2 ATG codons which may constitute potential 
translation initiation sites were located on the 
sequence SEQ ID NO: 1; if the first one of them 
(position 58 of the sequence SEQ ID NO: 1) is used, the 
product of translation of the sequence SEQ ID NO: 1 is 
a 359 amino acid polypeptide, the theoretical molecular 
weight and pi of which are, respectively, 39.6 kDa and 
approximately 9.8; this polypeptide is represented on 
the attached sequence listing under the number SEQ ID 
NO: 2. If the translation initiation takes place at the 
2 nd ATG codon (position 103 of the sequence SEQ ID NO: 
1) , the translation product is a 344 amino acid 
polypeptide, the theoretical molecular weight of which 
is approximately 3 7.9 kDa. 



The analysis of the BAT 2 amino acid sequence 
using the pSORT program suggests the presence of . a 
signal peptide of approximately 80 to 95 residues. This 
potential signal sequence is rich in serine, in 
alanine, in valine and in basic amino acids, which is 
characteristic of sequences for directing toward the 
chloroplast membrane. 

The analysis of the polypeptide sequence also 
indicates the presence of two potential transmembrane 
domains, located, respectively, between amino acids 124 
to 140, and 219 to 235. 

The consensus sequences of the LPAATs (FPEGTRS 
and PFKKGA) are located, respectively, at positions 
273-279 and 286-291 of the sequence SEQ ID NO : 2; a 
sequence corresponding to the consensus sequence 
NHXXXXD, which is conserved in all the membrane-bound 
acyltransferases known to date, is located at positions 
202-208 of the sequence SEQ ID NO: 2. 

EXAMPLE 3: ENZYMATIC ACTIVITY OF THE PROTEIN ENCODED BY 
THE pBAT2 cDNA INSERT 

In order to verify that the protein encoded by 
the pBAT2 insert effectively had an LPAAT activity, the 
capacity of this protein to incorporate oleic acid or 
palmitic acid at the sn-2 position of LPA was tested. 

The E. coli strain JC2 01 transformed with pBAT2 
and, by way of controls, the E. coli strain JC201 
either nontrans formed or transformed with the vector 
(pBSK) lacking the BAT2 cDNA insert are cultured at 
30°C until an optical density of 0.5 is reached. 

After induction with IPTG and culturing for 3 h 
at 3 0°C, the bacteria are lyzed and fractionated and 
the LPAAT specific activity is measured, on the crude 
membrane extracts, in the presence of oleoyl-CoA ( 1- 14 C) 
or of palmitoyl-CoA(l- 14 c) , according to the protocol of 
CAO et al. [Plant Physiol., 9:1199-1206, (1990)]. 

The results are shown in Table I below, which 
gives the specific activity, in pmol of phosphatidic 
acid formed/mg of protein/hour. 
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TABLE I 



CULTURE 


SUBSTRATE 


01eoyl-CoA(l- 14 C) 


Palmitoyl-CoA(l- 14 C)_ 


JC2 01 


1.86 


3 .74 


JC2 01+pBSK 


1.65 


1.59 


JC2 0 1 +pBAT2 


5.8 


11.06 



The membrane extracts of the culture 
transformed with pBAT2 exhibit an LPAAT activity which 
is greater than that of the membrane extracts obtained 
from the nontrans formed culture or the culture 
transformed with the vector pBSK, which shows that the 
LPAAT activity is effectively restored by the product 
of translation of the pBAT2 insert. 
EXAMPLE 4: CELLULAR LOCATION OF BAT 2 

The plastid location suggested by the BAT 2 
sequence analysis was verified by testing the capacity 
of isolated pea chloroplasts to import BAT2 . 

With this aim, the cDNA of the pBAT2 clone was 
transcribed in vitro, using T3 RNA polymerase; the 
transcript is translated in the wheat germ acellular 
system, in the presence of 35 S- labeled methionine. A 
translation product of approximately 40 kDa is thus 
obtained. This product is incubated with isolated pea 
chloroplasts. After incubation, the chloroplasts are 
treated with protease and fractionated, according to 
the protocol described by BROCK et al . [Plant Mol. 
Biol. 23(4), 717, (1993)], and the various fractions 
are analyzed by electrophoresis in order to search for 
the 35 S-labeled product. 

The results of this analysis show that the BAT2 
translation product is imported into the pea 
chloroplasts and cleaved into a 32 kDa protein which is 
essentially located in the membrane fraction, and an 
8 kDa signal peptide. 

These results confirm that the BAT 2 protein is 
indeed synthesized with a signal peptide, the role of 
which is to import the protein into the membrane of the 
chloroplasts. The precursor has an apparent mass of 
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approximately 4 0 kDa and the signal peptide has an 
apparent mass of approximately 8 kDa. 

EXAMPLE 5 : LOCATION OF THE EXPRESSION OF THE BAT2 GENE 

The expression of the BAT2 gene was studied in 
various organs of B . napus and of A. thaliana. 

The study was carried out by Northern transfer, 
using a probe corresponding to the BAT2 coding 
sequence, on total RNAs of stems, roots, leaves, 
flowers, seeds undergoing development [28 DAP (days 
after pollination)] and dry seeds. 

In each of the B. napus and A. thaliana tissues 
tested, hybridization of the probe with a transcript of 
approximately 1.3 kb in B. napus, and with a transcript 
of approximately 1 kb in A . thaliana, is observed. The 
strength of the hybridization signal is similar in all 
the tissues, including the nonphotosynthetic tissues 
containing plasts other than chloroplasts . The 
observation of hybridization in mature seeds indicates, 
in addition, that the BAT 2 message remains stable 
during maturation of the seed. 
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1) A nucleic acid fragment comprising: 

a) a sequence encoding a plant LPAAT, the 
5 peptide sequence of which shows at least 2 0% identity 

with the sequence SEQ ID NO: 2; and/or 

b) a sequence complementary to the coding 
sequence a) above. 

2) The nucleic acid fragment as claimed in 
10 claim 1, characterized in that said coding sequence 

encodes the polypeptide of sequence SEQ ID NO: 2. 

3) A nucleic acid fragment of more than 
20 bp, capable of hybridizing specifically, under 
stringent conditions, with a coding sequence as defined 

15 in either of claims 1 and 2, with the exception of the 
fragments consisting of an oligonucleotide encoding one 
of the following peptide sequences: 
FPEGTRS; 
PFKKGA; 

2 0 or of the sequence complementary thereto. 

4) A recombinant vector containing a 
nucleic acid fragment as claimed in any one of claims 1 
to 3 . 

5) A cell transformed with at least one 
25 nucleic acid fragment as claimed in any one of claims 1 

to 3. 

6) The transformed cell as claimed in claim 
5, characterized in that it is a plant cell. 

7) A transgenic plant transformed with at 

3 0 least one nucleic acid fragment as claimed in any one 

of claims 1 to 3 . 

8) The use of a nucleic acid fragment as 
claimed in any one of claims 1 to 3 , for regulating 
LPAAT activity in a plant. 

35 9) The use as claimed in claim 8, 

characterized in that said plant is rapeseed. 
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10) The use as claimed in either of claims 8 
and 9, characterized in that said nucleic acid fragment 
is used in the antisense orientation. 

11) The use as claimed in claim 10, 
characterized in that said nucleic acid fragment is 
used to express a functional LPAAT . 

12) The use as claimed in claim 11, 
characterized in that said LPAAT is deleted of its 
sequence for being directed into plasts. 
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<150> FR9814470 
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<160> 2 

<170> Patentln Ver . 2.1 

<210> 1 
<211> 1253 
<212> DNA 

<213> Brassica napus 

<220> 

<221> CDS 

<222> (58) . . (1134) 

<400> 1 

taaaaacagc agagaaaaga gtcaagagat aaaagcaatg aagatggaga gataagc 

atg age aaa tct cac gga cga tgt ttt age teg cga gat tec gee atg 
Met Ser Lys Ser His Gly Arg Cys Phe Ser Ser Arg Asp Ser Ala Met 



gat gtc get tct get egg ggg gtc tec tea cat cct cca tat tat age 

Asp Val Ala Ser Ala Arg Gly Val Ser Ser His Pro Pro Tyr Tyr Ser 

20 25 30 

aaa ccc atr tgt tea tea cag tea teg ttg att egg att ccg ate agt 

Lys Pro lie Cys Ser Ser Gin Ser Ser Leu He Arg He Pro He Ser 



aaa gga tgt tgc ttt get cgt tct teg aac ttg att act tec ctt cat 
Lys Gly Cys Cys Phe Ala Arg Ser Ser Asn Leu He Thr Ser Leu His 



get get teg aga ggg gtg aca agg cgt act agt ggt gta caa tgg tgt 
Ala Ala Ser Arg Gly Val Thr Arg Arg Thr Ser Gly Val Gin Trp Cys 
65 70 75 80 



2 



tac cgt tct ate aga ttt gac cct ttc aaa gtt aat gat aag aac tea 
Tyr Arg Ser He Arg Phe Asp Pro Phe Lys Val Asn Asp Lvs Asn Ser 
8 5 90 " 95 

aga act gtg act gtg aga teg gat ctt tea gga get gca acc cct gaa 
Arg Thr Val Thr v a l Arg Ser Asp Leu Ser Gly Ala Ala vh r p- Q G lu 
100 105 110 

tct act tat cca gaa cca gag att aag ttg age tea aga etc aca ggg 
Ser Thr Tyr Pro Glu Pro Glu He Lys Leu Ser Ser Arg Leu Ara Gly 
115 120 125 

ata tgc ttc tgt etc gtt get ggc arc tec gee att gtt etc ate gtc 
He Cys Phe Cys Leu Val Ala Gly He Ser Ala He Val Leu He Val 
130 135 140 

ctg atg ate att ggc cat ccc ttc gtc ctt eta ttt gat cgt tac agg 
Leu Met He He Gly His Pro Phe Val Leu Leu Phe Asp Arg Tyr Arg 
145 150 155 160 

aga aag ttc cat cac ttc att get aag ctt tgg get tec ata age ate 
Arg Lys Phe His His Phe He Ala Lys Leu Trp Ala Ser He Ser He 
165 170 175 

tac ccg ttt tac aaa aca gac ate caa ggt ttg gag aat ctg ccg teg 
Tyr Pro Phe Tyr Lys Thr Asp He Gin Gly Leu Giu Asn Leu Pro Ser 
180 185 190 

tea gac act cct tgt gta tac gtt teg aac cac caa age ttt ctg gat 
Ser Asp Thr Pro Cys Val Tyr Val Ser Asn His Gin Ser Phe Leu Asp 
195 200 205 

ata tac aca ctt etc age ctt ggc caa age tat aag ttc ate age aag 
He Tyr Thr Leu Leu Ser Leu Gly Gin Ser Tyr Lys Phe He Ser Lys 
210 215 220 

aca ggg ata ttc gtt att cct gtc ate ggt tgg get atg tec atg atg 
Thr Gly He Phe Val He Pro Val He Gly Trp Ala Met Ser Met Met 
225 230 235 240 

ggg gtt gtt ccc ttg aag agg atg gac cca aga age caa gtg gat tgc 
Gly Val Val Pro Leu Lys Arg Met Asp Pro Arg Ser Gin Val Aso Cys 
245 250 255 

tta aaa cgc tgc atg gaa eta gtg aag aag gga get tec gtc ttt ttc 
Leu Lys Arg Cys Met Glu Leu Val Lys Lys Gly Ala Ser Val Phe Phe 
260 265 270 

ttc cca gag gga acg agg agt aag gat ggt egg tta ggt cct ttc aag 
Phe Pro Glu Gly Thr Arg Ser Lys Asp Gly Arg Leu Gly Pro Phe Lys 
275 280 285 

aaa ggg get ttt acg ata gca get aag aca gga gtt cca gtg gtg cca 
Lys Gly Ala Phe Thr He Ala Ala Lys Thr Gly Val Pro Val Val Pro 
290 295 . 300 

ata acg ctg atg gga aca ggg aag ate atg ccg acg ggt agt gaa ggt 
He Thr Leu Met Gly Thr Gly Lys He Met Pro Thr Gly Ser Glu Gly 
305 310 315 320 
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ata ctg aat cat ggg gat gtg aga gtg ate ate cac aag ccg ata tat 1065 
lie Leu Asn His Gly Asp Val Arg Val lie lie His Lys Pro lie Tyr 
325 330 ~ 335 

gga age aaa get gat gtt ctt tgc gaa gag gcg aga aac aag ata get 1113 
Gly Ser Lys Ala Asp Val Leu Cys Glu Glu Ala Arg Asn Lys lie Ala 
340 ~ 345 350 

gaa tct atg aat etc ttg agt tgaaacgttt gttttttaag cagtgtctct 1164 
Glu Ser Met Asn Leu Leu Ser 



atgaacaatg agaaggctaa accattttta catgtcagtt ttatrgntta aaataaaatt 1224 
taggcttttc aaaaaaaaaa aaaaaaaad 1253 

<210> 2 
<2il> 359 
<212> PRT 

<213> Brassica napus 
<400> 2 

Met Ser Lys Ser His Gly Arg Cys Phe Ser Ser Arg Asp Ser Ala Met 
1 5 10 15 

Asp Val Ala Ser Ala Arg Gly Val Ser Ser His Pro Pro Tyr Tyr Ser 
20 " 25 30 

Lys Pro lie Cys Ser Ser Gin Ser Ser Leu lie Arg lie Pro lie Ser 
35 40 45 

Lys Gly Cys Cys Phe Ala Arg Ser Ser Asn Leu lie Thr Ser Leu His 
50 ~ 55 60 

Ala Ala Ser Arg Gly Val Thr Arg Arg Thr Ser Gly Val Gin Trp Cys 
65 70 " 75 80 

Tyr Arg Ser lie Arg Phe Asp Pro Phe Lys Val Asn Asp Lys Asn Ser 
85 " 90 95 

Arg Thr Val Thr Val Arg Ser Asp Leu Ser Gly Ala Ala Thr Pro Glu 
100 105 110 

Ser Thr Tyr Pro Glu Pro Glu lie Lys Leu Ser Ser Arg Leu Arg Gly 
115 120 125 

He Cys Phe Cys Leu Val Ala Gly He Ser Ala He Val Leu He Val 
130 135 140 

Leu Met lie He Gly His Pro Phe Val Leu Leu Phe Asp Arg Tyr Arg 
145 150 155 160 

Arg Lys Phe His His Phe lie Ala Lys Leu Trp Ala Ser He Ser He 
165 170 175 

Tyr Pro Phe Tyr Lys Thr Asp lie Gin Gly Leu Glu Asn Leu Pro Ser 
180 " 185 190 

Ser Asp Thr Pro Cys Val Tyr Val Ser Asn His Gin Ser Phe Leu Asp 
195 200 205 



lie Tyr Thr Leu Leu Ser Leu Gly Gin Ser Tyr Lys Phe lie Ser Lys 
210 215 220 

Thr Gly lie Phe Val lie Pro Val lie Gly Trp Ala Met Ser Met Met 
225 230 235 240 

Gly Val Val Pro Leu Lys Arg Met Asp Pro Arg Ser Gin Val Asp Cys 
245 250 255 

Leu Lys Arg Cys Met Glu Leu Val Lys Lys Gly Ala Ser Val Phe Phe 
260 265 270 

Phe Pro Glu Gly Thr Arg Ser Lys Asp Gly Arg Leu Gly Pro Phe Lys 
275 280 285 

Lys Gly Ala Phe Thr lie Ala Ala Lys Thr Gly Val Pro Val Val Pro 
290 295 300 

lie Thr Leu Mer Gly Thr Gly Lys He Met Pro Thr Gly Ser Glu Gly 
305 310 315 320 

He Leu Asn His Gly Asp Val Arg Val He He His Lys Pro lie Tyr 
325 330 335 

Gly Ser Lys Ala Asp Val Leu Cys Glu Glu Ala Arg Asn Lys He Ala 
340 345 350 

Glu Ser Met Asn Leu Leu Ser 
355 



